Introduction {#Sec1}
============

Persons with type 2 diabetes mellitus (T2DM) are at elevated risk for premature death or developing cardiovascular complications. Although recent observational data show considerable improvements in cardiovascular incidence and mortality rates in persons with T2DM between 1998 and 2013, these risks are still clearly higher than in the general population \[[@CR1]\]. Cardiovascular disease (CVD) prevention and management are thus essential parts of diabetes care \[[@CR2]\].

The EMPA-REG OUTCOME trial examined the effects of empagliflozin, a sodium glucose cotransporter-2 (SGLT-2) inhibitor, on cardiovascular morbidity and mortality in patients with type 2 diabetes at high risk for cardiovascular events. The results showed reductions in cardiovascular death, hospitalization from heart failure, and all-cause mortality with empagliflozin treatment on top of standard care (i.e., other treatments that lower glucose, blood pressure, and blood lipids) as compared with placebo \[[@CR3]\].

Only patients with established cardiovascular disease participated in the EMPA-REG OUTCOME trial. Are these participants representative of patients receiving empagliflozin in clinical practice, and are the results generalizable? Recently, a Swedish survey suggested that the proportion of patients with type 2 diabetes (defined as being treated with any glucose-lowering medication) in clinical practice who had cardiovascular disease (coronary heart disease, stroke, peripheral artery disease, congestive heart failure, and atrial fibrillation) was 34.2% in 2013, implying a clearly elevated risk \[[@CR4]\]. That study, however, lacked information on clinical characteristics and risk factors.

The aim of the present study was to examine the prevalence of CVD in patients with type 2 diabetes in routine clinical practice in Sweden---applying a similar definition to that used in the EMPA-REG OUTCOME trial---as well as the prevalence of established CVD in patients who were starting empagliflozin treatment. We used nationwide data from the Swedish National Diabetes Register (NDR) as well as the Swedish Prescribed Drug Register and the Swedish National Patient Register (National Board of Health and Welfare) to probe clinical characteristics and ongoing treatments.

Methods {#Sec2}
=======

The primary objective of the study was to estimate the prevalence of a history of CVD among persons with T2DM who were alive on 31 December 2017, as well as the prevalence of a history of CVD among persons with type 2 diabetes who started empagliflozin treatment between 1 January 2015 and 31 December 2017. The secondary objective was to describe these groups of patients in terms of their clinical characteristics, including risk factors, treatments, and cardiovascular co-morbidities.

We based the study on data from the NDR, which includes approximately 90% of all patients 18 years or older who have been diagnosed with type 2 diabetes in Sweden. Health care providers report continuously directly to the NDR or via electronic patient records from routine clinical practice \[[@CR5]\]. In the study database, the unique personal identity number assigned to each Swedish resident was used as an identifier to crosslink national healthcare registers, including the Patient Register, the Cause of Death Register, and the Prescribed Drug Register, as previously described \[[@CR1]\]. The National Patient Register provides International Classification of Diseases (10th revision) codes associated with diagnoses made after hospitalizations and outpatient visits from 1997 on. The Prescribed Drug Register contains information on all filled prescriptions from 1 July 2005 on.

All patients with type 2 diabetes who were alive on 31 December 2017 and reported to the NDR at least once were included in the primary analysis, while all persons with type 2 diabetes who started treatment with empagliflozin between 1 January 2015 and 31 December 2017 were included in the secondary analysis. We used data in the NDR on clinical characteristics and risk factors at baseline (including the most recent patient registration but not any patients registered more than 12 months before the index date) as well as filled prescriptions for medications lowering glucose, lipids, and blood pressure up to 12 months before the index date. All definitions of previous medical conditions before baseline are available in Table [S1](#Tab1){ref-type="table"} of the Electronic supplementary material (ESM). We defined a high risk of CVD, in line with the EMPA-REG OUTCOME trial, as a history of either coronary heart disease, stroke, amputation, percutaneous coronary intervention, coronary artery bypass surgery, peripheral vascular disease, or carotid or femoral angioplasty.Table 1Descriptive statistics for clinical characteristics and treatmentsVariableMean (SD) or proportion (%)Persons with type 2 diabetesPersons with type 2 diabetes starting empagliflozinNo history of CVDHistory of CVDNo history of CVDHistory of CVDNumber330,050130,50815,0331952Age, years66.2 (12.6)73.7 (9.9)54.1 (10.5)57.4 (9.5)Gender, male179,043 (54.2%)84,056 (64.4%)9585 (63.8%)1471 (75.4%)BMI, kg/m^2^30.1 (5.6)29.5 (5.2)32.1 (5.7)31.6 (5.3)Smoking status, yes29,169 (13.0%)9993 (11.8%)1645 (14.1%)210 (14.1%)HbA1c, mmol/mol53.3 (13.3)55.1 (13.6)69.0 (15.5)69.5 (16.0)Duration, years9.3 (7.5)12.1 (8.9)10.9 (7.2)13.0 (8.2)Systolic blood pressure, mm Hg134.6 (15.0)133.8 (16.2)135.2 (15.1)132.8 (16.0)Diastolic blood pressure, mm Hg77.6 (9.6)74.2 (9.9)78.9 (9.7)75.6 (9.8)Total cholesterol, mmol/l4.7 (1.1)4.2 (1.1)4.5 (1.1)4.1 (1.2)LDL cholesterol, mmol/l2.6 (1.0)2.2 (0.9)2.5 (1.0)2.1 (1.0)HDL cholesterol, mmol/l1.3 (0.4)1.2 (0.4)1.1 (0.3)1.1 (0.3)Serum triglycerides, mmol/l1.9 (1.3)1.9 (1.2)2.3 (1.9)2.4 (2.2)Serum creatinine79.8 (31.5)94.1 (48.5)73.7 (19.0)81.2 (21.8)eGFR MDRD, ml/min/1.73 m^2^81.7 (24.4)71.3 (24.4)90.5 (24.3)83.1 (23.3)eGFR CKD, ml/min/1.73 m^2^81.0 (20.7)69.7 (21.4)88.9 (17.9)81.9 (18.2)Physical activity, never28,770 (14.01%)16,248 (21.21%)1979 (17.96%)309 (22.47%)Physical activity, \< 1 time/week26,394 (12.85%)11,917 (15.56%)1692 (15.35%)253 (18.40%)Physical activity, 1--2 times/week36,281 (17.67%)13,243 (17.29%)2191 (19.88%)257 (18.69%)Physical activity, 3--5 times/week47,024 (22.90%)14,447 (18.86%)2434 (22.09%)232 (16.87%)Physical activity, 5--7 times/week66,866 (32.56%)20,744 (27.08%)2725 (24.73%)324 (23.56%)Diabetes treatment (not insulin)240,491 (72.87%)86,114 (65.98%)15,033 (100.00%)1952 (100.00%)Insulin treatment82,250 (24.92%)49,045 (37.58%)6099 (40.57%)1091 (55.89%)Lipid-lowering treatment184,292 (55.84%)105,059 (80.50%)11,130 (74.04%)1851 (94.83%)Blood-pressure-lowering treatment243,890 (73.89%)122,621 (93.96%)12,037 (80.07%)1922 (98.46%)*CVD* cardiovascular disease, *SD* standard deviation, *Q1, Q3* interquartile range

HbA1c levels were reported in millimoles per mole (mmol/mol) according to the guidelines of the International Federation of Clinical Chemistry and Laboratory Medicine \[[@CR9]\]. Microalbuminuria was defined as two positive tests from among three samples taken within 1 year, where positivity was considered to be an albumin/creatinine ratio of 3--30 mg/mmol (\~ 30--300 mg/g) or a U-albumin of 20--200 µg/min (20--300 mg/L), and macroalbuminuria was considered to be an albumin/creatinine ratio of \> 30 mg/mmol (\> 300 mg/g) or U-albumin \> 200 µg/min (\> 300 mg/L). Estimated glomerular filtration rates (eGFRs) were calculated using both the Chronic Kidney Disease Epidemiology Collaboration (CKD-EPI) and Modification of Diet in Renal Disease (MDRD) equations \[[@CR6], [@CR7]\]. Retinal examinations were reported according to national guidelines. Physical activity (30 min walk or equivalent) was categorized into never, \< 1 time/week, 1--2 times/week, 3--5 times/week, or 5--7 times/week.

All analyses were descriptive and no testing of hypotheses was performed. For continuous variables, the distribution is described using means and standard deviations. For categorical data, frequencies and percentages are reported. We used SAS version 9.4 to analyze the data. The Regional Ethical Review Board of the University of Gothenburg approved the study, which conformed with the Declaration of Helsinki as revised in 2013, concerning human and animal rights. Springer's policy concerning informed consent has been followed. Informed consent was obtained from all individual participants included in the study.

Results {#Sec3}
=======

The total study cohort included 460 558 patients, of whom 130 508 (28.3%) had a history of CVD; see Table [1](#Tab1){ref-type="table"} (descriptive statistics of clinical characteristics and treatments) and Table [2](#Tab2){ref-type="table"} (micro- and macrovascular complications). The most marked differences between these two groups were the higher proportion of men, the higher age, the increased duration of diabetes, the higher rates of micro- and macroalbuminuria, and the lower eGFR among persons with a history of CVD. In this group, there was a history of coronary heart disease in 73%, stroke in 27%, peripheral artery disease in 17%, atrial fibrillation in 24%, and congestive heart failure in 22%. Risk factor control was numerically quite similar in both groups, although the group with CVD had more treatment with insulin and with lipid- and blood-pressure-lowering medications.Table 2Micro- and macrovascular complicationsVariableMean (SD) or proportion (%)Persons with type 2 diabetesPersons with type 2 diabetes starting empagliflozinNo history of CVDHistory of CVDNo history of CVDHistory of CVDMicroalbuminuria40,036 (19.91%)22,855 (30.30%)2624 (24.63%)430 (33.26%)Macroalbuminuria7244 (3.64%)5632 (7.50%)522 (5.10%)110 (9.11%)Retinopathy52,714 (26.02%)26,861 (34.06%)3933 (35.26%)587 (43.81%)Amputation--3308 (2.53%)18 (0.92%)Coronary heart disease--95,770 (73.38%)1694 (86.78%)Acute myocardial infarction--45,820 (35.11%)361 (18.49%)Unstable angina--65,459 (50.16%)586 (30.02%)Percutaneous coronary intervention--42,546 (32.60%)414 (21.21%)Coronary artery bypass surgery--18,246 (13.98%)77 (3.94%)Cardiac arrest (nonfatal)302 (0.09%)1133 (0.87%)7 (0.05%)12 (0.61%)Stroke--35,737 (27.38%)148 (7.58%)Hemorrhagic stroke1010 (0.31%)1209 (0.93%)3 (0.02%)1 (0.05%)Transient ischemic attack8453 (2.56%)11,003 (8.43%)33 (0.22%)31 (1.59%)Peripheral vascular disease561 (0.17%)22,114 (16.94%)3 (0.02%)254 (13.01%)Carotid or femoral angioplasty (not angiogram)--4736 (3.63%)14 (0.72%)Atrial fibrillation26,748 (8.10%)31,345 (24.02%)455 (3.03%)322 (16.50%)Heart failure13,563 (4.11%)29,096 (22.29%)311 (2.07%)390 (19.98%)High risk of cardiovascular disease--130,508 (100.00%)1952 (100.00%)*CVD* cardiovascular disease, *SD* standard deviation, *Q1, Q3* interquartile range

The number of patients starting empagliflozin during the study period was 16,985 (Tables [1](#Tab1){ref-type="table"} and [2](#Tab2){ref-type="table"}). Among these, 1952 (11.5%) had a history of CVD, meaning that 15,033 (88.5%) were free of CVD. The patients who were starting empagliflozin were younger than the total cohort and were more likely to have retinopathy, despite the fact that both sets of patients showed similar durations of diabetes. They also exhibited higher body mass index (BMI), glycosylated hemoglobin (HbA1c), and eGFR levels, and were more likely to be treated with insulin and lipid- and blood-pressure-lowering medications.

The (mostly male) patients with CVD who were starting empagliflozin were slightly older and had been diabetic for slightly longer than the patients without CVD who were starting empagliflozin, but they had lower eGFR levels. Among the patients with CVD who were starting empagliflozin, 87% had coronary heart disease, 8% had suffered a stroke, 13% had peripheral artery disease, 16% had atrial fibrillation, and 20% had congestive heart failure. Again, risk factor control was numerically quite similar for these groups of patients starting empagliflozin, although the group with CVD were more likely to be treated with insulin, and almost all received lipid-lowering and blood-pressure-lowering medications (95% and 98%, respectively).

Discussion {#Sec4}
==========

This nationwide survey showed that patients starting empagliflozin treatment were relatively young compared with the overall cohort of T2DM patients, and were generally more obese and more likely to have unsatisfactory HbA1c levels. In addition, retinopathy, micro- and macroalbuminuria, and smoking were quite common in the T2DM patients starting empagliflozin treatment, in agreement with their long mean duration of diabetes (\> 10 years). Thus, a large proportion of the patients in this nationwide cohort---even those with no history of cardiovascular disease---would qualify as high-risk individuals in recent major cardiovascular outcome trials using SGLT-2 inhibitors or GLP1-1 receptor agonists \[[@CR8], [@CR9]\].

In the multinational EMPA-REG OUTCOME trial, 71% of the participants randomized to empagliflozin treatment were male, and this cohort presented the following mean values: age 63.1 years, BMI 30.6 kg/m^2^, HbA1c 65 mmol/mol, blood pressure 135.3/76.6 mmHg, LDL cholesterol 2.2 mmol/l, and eGFR 74.2 ml/min/1.73 m^2^ (MDRD) \[[@CR3]\]. 48.0% of the patients in the pooled empagliflozin group were on insulin treatment, 94.9% were on blood pressure-lowering treatment, and 81.5% were on blood lipid-lowering therapy. Almost all of the patients in the empagliflozin group had cardiovascular disease (99.4%), 75.6% had coronary heart disease, 23.1% had a history of stroke, 21.0% had peripheral artery disease, and 9.9% had congestive heart failure.

The Swedish patients with CVD who were starting empagliflozin were quite similar to the participants in the EMPA-REG OUTCOME trial. The patients with no history of CVD were younger, slightly more obese, and had higher HbA1c, whereas the patients with a history of CVD showed higher levels of coronary heart disease and congestive heart failure but lower levels of stroke and peripheral artery disease than the participants in EMPA-REG OUTCOME.

A recent systematic review and meta-analysis based on the results of the EMPA-REG OUTCOME and DECLARE--TIMI 58 trials as well as the CANVAS program recently concluded that SGLT-2 inhibition should be considered in patients with type 2 diabetes regardless of the presence of atherosclerotic cardiovascular disease or a history of heart failure, due to its positive effects on glycemic control and the risks of heart failure and renal disease progression \[[@CR9]\]. Cardiovascular benefits seem to be more pronounced in patients with established atherosclerotic cardiovascular disease, as most clearly demonstrated by the EMPA-REG OUTCOME trial \[[@CR3]\]. The CANVAS program and the DECLARE--TIMI 58 trial, which tested the safety of canagliflozin and dapagliflozin, respectively, had larger proportions of patients at elevated cardiovascular risk, similar to the Swedish cohort, but they did not have established CVD \[[@CR10], [@CR11]\]. This difference may have contributed to the outcome differences between the three trials.

The major strength of the present survey was its nationwide scope and the high validity of the data obtained, but one limitation of the study is that we did not address other comorbidities at baseline. We also used a cross-sectional design and did not follow the patients longitudinally in this study. However, in a recent observational cohort study of side effects that used nationwide registers from Sweden and Denmark, we found a numerically low but increased risk of lower limb amputation and diabetic ketoacidosis in patients using SGLT-2 inhibitors compared with those on GLP1 receptor agonists, but there were no other serious adverse events of concern \[[@CR12]\].

Other recent studies in general or high-risk populations in clinical practice have also investigated patients offered treatment with empagliflozin or other SGLT-2 inhibitors and the results of such treatment \[[@CR13]--[@CR16]\]. In essence, those studies have highlighted the positive effects as well as the safety aspects of this class of glucose-lowering medications. These effects have been attributed to several mechanisms, such as diuresis, natriuresis, and their glucose-lowering, metabolic, and renal effects \[[@CR17]--[@CR19]\].

Conclusion {#Sec5}
==========

The prevalence of CVD in patients with type 2 diabetes in clinical practice in Sweden was 28.3% during the study period, and it was 11.5% in patients starting empagliflozin treatment. Patients in the latter cohort were, however, younger and more obese and had unsatisfactory glycemic control, requiring additional treatment. Overall, a large proportion of T2DM patients should be considered at high cardiovascular risk.
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